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NOVEL TAXANES AND METHODS 
RELATED TO USE AND PREPARATION THEREOF 



BACKGROUND OF THE INVENTION 



rigid of the Invention 

5 The present invention relates generally to taxanes, compounds 

useful in the preparation of taxanes, and synthetic methods useful in the 
preparation of taxanes. 

p^^ri plinn nf the R elated Art 

The taxane family of terpenes has received much attention in the 
10 soientifio and medical communKy because members of this family have 
demonstrated broad spectrum anti-leukemio and tumor-inhibtory activity. A well- 
known member of this family is paclitaxel. which has the following structure, 




wherein Ac is acetyl, Bz is benzoyl, Ph is phenyl, the 2' posfflon has the R 
15 configuration and the 3' position has the S configuration. Paclitaxel was first 
isolated from the bark of the pacffic yew tree (Taxus brevWa) in 1971, and has 
proved to be a potent natural anticancer agent. For example, paclitaxel has been 
found to have activity against different forms of leukemia and against sol.d tumors 
in the breast, ovary, brain, and lung in humans. 
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This activity has stimulated an intense research effort over recent 

and *e development of synthetic pathways for making taxanes such as pad ft* 
S*- from this research effort ^J^^^S 

: H having ,-butoxycarhony, instead - ben Z oyi on the amino ^group 

(see EP 253738 for a discussion of taxotere). 
n Taxanes are struck complicated molecules, and the 

' aevelopmen, of commerciaily viable synthetic methods to ma.e taxanes * bee 

a cha enge Semi-synthetic pathways have been developed, where these 

conversion of that materia, to the taxane of interest One such pathway fo .he 
« of paclitaxei begins wKh 10-deace.ylbaccatin III, a taxane rsolated 

si hB #^^-* Asem T:f o N t e 

7ffte production of taxotere has been reported that involves coupl.n of -te - 
rxyclrbonyl^, 33,3-phenylisosertne with * 
conjuncfion with proper protecting groups (T— *» 1— » » 185 ' 1 «* 
20 Th synthesis of taxotete has also been reported using enantiomencajly pure ^ 
III as intermediates (, 0* Cent. 56:1681, 199, T— *» ^5, 

1 " 2> ' While significant advances have been made in this field, there remain 
a need for improved synthetic technics for the production of paclKaxe and 
25 nXtheJLchastaxotere. For example, exisfing 

for production o, paclitaxe, generally invoive coupling o, a su able , c^ 
pJL, to the free hydroxyl group at position 1 3 of 10-deace.ylba^ n * ™ 
ynthefic pathways also employ addition of such side-cha,ns ,n a s.m.lar way 
ZTZ is a need for improved routes for the generation o, such precursors of 



2 



„ C 13 side chain. particuiady since this side^hain has been found to be an 
other related advantages. 
RRIEF SUMMARY OF THE INVENTION 
a beta-lactam, where the process comprises the scheme 



"1 



sR 2 



R 3 . 
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serein Ri is hydro,, protected hydro,, ^^^2 

carboxyi, aiKoxycarbonyi where the aikoxy porbon contains J o 1^ 
ary ,o X ycarbonyl where the a.,o*y portion — • J ^ ^ 
he teroa,icarbony, whe re the h-jj-jJPJ*- ^ 

^^^^ 
formula 



20 



V 



R 3 
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wherein * is thiol (SH), tBOC, acetate, methoxy, thiophenyl, CI 2 CH-C(0)0- or 1- 
ethoxyethyl, R 2 is phenyl and R 3 is hydrogen, and salts thereof. 

in another aspect, the present invention prov.des a process of 
opening a beta-lactam ring, where the process comprises the scheme 



X 



v«2 



A N PG-LG 

& R 3 




Ri 



wherein Ri is hydroxy,, protected hydroxy,, thioi, or protected «; LG . a ieawrg 
grou p PG is an amine protecting group; R, is alkyi, aikeny,, alkyny,. or ary, w ere 
R 2 is op«on* substituted wKh one or more of haiogen, hydroxy,, aikoxy. ary oxy, 
heteroaryioxy, amino, famine, dialkyiamino. mercapto, a,kykhio. a^o 
10 heteroaryithio, cyano, carboxyi, a,koxycarbonyl where the alkoxy porhon conta, 1 
to 16 carbons, ary,oxycarbony, where «he aryloxy portion contains 6 to 20 carbon, 
or heteroaryicarbony, where .he heteroa* portion contains 3 to 15 carbon atoms; 
R 3 is hydrogen, C,-C s a.ky, or aryi where R 3 is option* subsided w,th one or 
Jore haiogens, hydroxy,, aikoxy, a^oxy, he«eroary,oxy. amino, aikyi-n o 
,5 dialkylamino, mercapto, aikykhio, aryithio, heteroaryithio, cyano, carbox* 
a,koxycarbony, where the aikoxy portion contains 1 to 15 carbons, aryioxycarbony, 
«Zm aryloxy pomon contains 6 to 20 carbon, or heleroarylcarbonyl where the 
heteroa-yl portion contains 3 to 15 carbon atoms; and H* is a proton source. 
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,„ another aspect, the present invention provides an isoserine 
compound of the formula 




Ri 

wherein Ri is hydroxy,, protected hydroxy, thioi, or protected thiol; PG is an amino 
5 pro tectin 9 group; R 2 is ** ~* aiKynyi. or any, where R 2 ,s « 
ubs«u«ed with one or .one o, hafcgen, hydroxy,, aiKoxy, aryioxy, e eroa* xy, 
ami no, famine. diaiKyiamino, mercapto, arylthio. heteroar^ o. 

cyano carhoxy,, aiKoxycarhonyi whe. the a.oxy po.cn contains to 15 ca*on 
ioxycarbony, where the a,y,oxy portion contains 6 ,o 20 carbon, or 
,0 hLaryioaly, where the heteroary, portion contains 3 to 15 carbon atoms; R 3 

Xn hydroxy,, aiKoxy, ary,oxy, he,eroary,oxy, amino, a,Ky1am,n , 
dSamino, meroapto, aiRytthio. ary*o, heteroaryithio, cyano, carboxy, 
aZcarbony, where the a,Koxy portion contains 1 to 15 carbons, arytoxycarbony, 

Leroary,portioncon,ains 3t o15cart ) ona t oms;andsa N sandes t ersthereo, 

,n another aspect, me present invention provides a process o, 
forming a beta lactam of the formula 



A^S 



V 



Ar 2 



N 
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wherein Ar, and Ar 2 are each aryl groups, where each of Ar, and A, are 
independent* optional,, substituted wKh one or more of haiogen. hydroxyi. alkoxy, 
aryioxy, heteroaryioxy. amino, alkyiamino. dialkylamino, mercapto, alkylthro, 
arylthio, heteroaryKhio. oyano, oarboxy,, alkoxyoarbonyi where the alkoxy portron 
5 contains 1 to 15 carbon atoms, and aryloxycarbonyl where the aryioxy portion 
contains 6 to 20 carbon atoms; and where the process comprises reacting together 
compounds of the formula Ar,S-CH 2 -C(=0)CI, NH 3 , and Ar r CHO under conditrons 

that form the beta lactam. 

In another aspect, the present invention provides a process 

1 o comprising the following scheme 



AriS, 



Ar 2 



M 



X 

AriS \| 



Ar 2 



N 



wherein Ar, and Ar 2 are each aryl groups, where each of Ar, and Ar 2 ,s 
independently optionally substituted w«h one or more of halogen, hydroxyi, alkoxy, 
aryioxy. heteroaryioxy, amino, alkyiamino, dialkylamino, mercapto, alkylthro, 
,5 aryHhio, heteroarylfhio, cyano, carboxyl. alkoxycarbonyl where the alkoxy portron 
contains 1 to 15 carbon atoms, and aryloxycarbonyl where the aryioxy portron 
contains 6 to 20 carbon atoms; X is halide; R 5 is selected from hydrogen, benzoyl 
and tBOC, and M is a halogenating agent. 
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In another aspect, the present invention provides a compound of the 



formula 



A^S. = ^Ar 2 



R 5 

wherein Ar, and Ar 2 are each aryl groups, where each of An and Ar 2 are 
5 independently optionally substituted with one or more of halogen, hydroxyl, alkoxy, 
aryloxy, heteroaryloxy, amino, alkylamino, dialkylamino, mercapto, alkylthio, 
arylthio, heteroarylthio, cyano, carboxyl, alkoxycarbonyl where the alkoxy portion 
contains 1 to 15 carbon atoms, and aryloxycarbonyl where the aryloxy portion 
contains 6 to 20 carbon atoms; X is halide; and R 5 is selected from hydrogen, 
10 benzoyl tBOC, C r C 6 alkyl or aryl where R 5 is optionally substituted with one or 
more halogens, hydroxyl, alkoxy, aryloxy, heteroaryloxy, amino, alkylamino, 
dialkylamino, mercapto, alkylthio, arylthio, heteroarylthio, cyano, carboxyl, 
alkoxycarbonyl where the alkoxy portion contains 1 to 15 carbons, aryloxycarbonyl 
where the aryloxy portion contains 6 to 20 carbon, or heteroarylcarbonyl where the 
1 5 heteroaryl portion contains 3 to 1 5 carbon atoms, and salts thereof. 

In another aspect, the present invention provides a process 
comprising the scheme 

o. 



A^S. = ^Ar 2 

N / 



VCOOH 



M-X 




R 5 



7 



wherein Ac, and Ar 2 are each ary, groups, where each o, An and Ar, - 
independent,, optionally subsided with one or more of halogen, hydroxy,, a xy. 
ary ,oxy, he.eroary.oxy, amino, alkyiamino, dialkylamino, mercapo, a,kyt*,o 
a^thio, heteroarykhio, cyano, carboxyi, aikoxyoarbony, wftere the a, oxy port 
5 contains 1 to 15 carbon atoms, and aryioxycarbony, where the arytoxy po*o 

,o the metal; Re is selected from hydrogen, benzoyl and .BOC; and Re . C-Cs 



alkyl. 



In another aspect, the present invenfjon provides a compound of the 
10 formula 



0R 9 



15 



20 e 



wherein Ar, and Ar 2 are each ary, groups, where each of Ar, and Ar, are 
independently optionally substkuted with one or more o, halogen, hydroxy^ oxy, 
a^loxy, heteroaryloxy, amino, alkyiamino, dialkylamino, mercapto, alkyl.h,o, 
a^lthio, heteroarykhio, cyano, carboxyi, alkoxycarbcny, where the alkoxy porton 
contains 1 to 15 carbon alom, and aryioxycarbonyi where the aryloxy porbon 
contains 6 to 20 carbon atoms; R 5 is selected from hydrogen, benzoyl and SOa 
and R 9 is a hydroxy! protecting group. Oplionaily, R, is selected from 
nrelhoxymethyi, melhoxyethyl, 1-e.hoxyelhyl, benzyloxymethyl, (beta nme « 
e,hoxy,me«hy,, tetrahydropyranyl, 2 , 2 .2-,rich,oro^hoxycarboy , 

benzyloxycarbonyl, fert-butoxycarbonyl, 9-fluorenylmethoxycarbonyl, 222 
Zroethoxymethyl, idmethylsilyl, ««., tdprop^y,, dime«hy1e« 
dimefhyKWilyl, diethylmethylsiryl, dimethylphenyisiiyi, diphenylmethyls„yl, 
acetyl, chloroacetyl, dichloroacetyl, trichloroacetyl and trifluoroacetyl. 
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In another aspect, the present invention provides a process 
comprising the scheme 



NHR 5 0 




wherein Ar, and Ar 2 are aryl groups independently selected at each occurrence. Rs 
is selected from hydrogen, benzoyl and tBOC, Re is a hydroxy protecting group. R, 
is hydrogen or C,-C e alkyl. and H+ represents a proton source, e.g.. an orgarac 

acid or mineral acid. 

In another aspect, the present invention provides a process of 

opening a beta lactam according to the scheme 



PG-g 



ATI 



H + 



AA 




10 



R, 



wherein PG is a hydroxyl protecting group; Ar, and Ar 2 are each aryl groups, 
where each of Ar, and Ar 2 are independently optionally substKuted with one or 
m0 re of halogen, hydroxyl. alkoxy. aryloxy, heteroaryloxy. amino, alkylam.no 
dialkylamino, mercapto, alkylthio, aryKhio, heteroarylthio, cyano, carboxyl 
15 alkoxycarbonyl where the alkoxy portion contains 1 to 15 carbon atoms, and 
aryloxycarbonyl where the aryloxy portion contains 6 to 20 carbon atoms; R, ,s 
hydrogen, alkyl, or -O-PG wherein PG is a protecting group, and H + represents a 
proton source, e.g., organic or mineral acid. 
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In another aspect, the present invention provides a compound of the 

formula 

NHR 5 o 




10 



15 



wherein An and Ar 2 are each aryl groups, where each of An and Ar 2 » 
independently optionally substituted with one or more of halogen, hydroxyl, alkoxy, 
aryloxy, heteroaryloxy, amino, alkylamino, dialkylamino, mercapto, alkylth.o, 
arylthio heteroarylthio, cyano, carboxyl, alkoxycarbonyl where the alkoxy port.on 
contains 1 to 15 carbon atoms, and aryloxycarbonyl where the aryloxy portion 
contains 6 to 20 carbon atoms; R 5 is selected from hydrogen, benzoyl and tBOC; 
Re is a hydroxyl protecting group, and R 7 is hydrogen or Cl -C 6 alkyl. Optionally, Re 
is selected from methoxymethyl, methoxyethyl, 1-ethoxyethyl, benzyloxymethyl, 
(beta-trimethylsilyl-ethoxy)methyl, tetrahydropyranyl, 2,2,2-tr.chloro- 

ethoxycarbonyl. benzyloxycarbonyl, ferf-butoxycarbonyl, 9- 

fluorenylmethoxycarbonyl, 2,2,2-trichloroethoxymethyl, trimethylsilyl, triethyls.lyl, 
tripropylsilyl, dimethylethylsilyl, dimethyl(t-butyl)silyl, diethylmethyls.lyl, 
dimethylphenylsilyl, diphenylmethylsilyl, acetyl, chloroacetyl, dichloroacetyl, 

trichloroacetyl and trifluoroacetyl. 

In another aspect, the present invention provides a process 

comprising the scheme 

o ^HR 5 o 



NHR 5 



20 





OR 6 



10 



. . Ar are each aryl groups, where each of Ar, and Ar 2 is 

arvlthio heteroarylthio, cyano, carboxyl, alkoxycarbonyi w 
5 I7ns 1 »o 15 carbon atoms, and aryloxycarbony, where the ary oxy porbon 
TZ 6 to 20 carbon atoms; Rs is seiected from hydrogen, benzoyl and tBOC, 
R tc C a.Kv. R, is H or C-Ce alkyl, and E represents a desuKurabon reagent 
R6 ' aler aspect, the present invention provides a compound of the 



formula 




0R 6 



h rpin Ar is an aryl group optionally substituted with one or more of halogen, 
wherein Ar 2 is an aryi group a i kv lamino dialkylamino, 

w Hrnwi alkoxv aryloxy, heteroaryloxy, amino, alkyiamino, y 

benzoyl and tBOC, R 6 is a ny 

Ootional hydroxyl protecting groups for R 6 include, 
rZmi, method, « , ben„ = 

eWe,hy : , JESS « — ony,, «* 

dimethy.(t*utyl)si W diethyimethylsiiyl. dimethy,pheny,s«yi. drphenylmethyMy,, 
acetyl, chloroacetyl, dichioroacetyl, trichloroacetyl and tribuoroacetyl. 
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In 



another aspect, the present invention provides a compound of the 



formula 



10 



NHR 5 o 




SR 6 

wherein Ar 2 is an aryl group optionally substftuted with one or more of halogen, 
hydroxy,, alkoxy, aryloxy, heteroaryloxy, amino, alkylamino. dialkylammo, 
m ercapto. alkylthio, arylthio, heteroarylthio, oyano, carboxyl, alkoxycarbonyl where 
the alkoxy portion oontains 1 to 15 carbon atoms, and aryloxycarbonyl where the 
aryloxy portion oontains 6 to 20 carbon atoms; R 5 is selected from hydrogen, 
benzoyl and tBOC, R, is a thiol protecting group, and R 7 is H or C,-C 6 alkyl. 

in another aspect, the present invention provides a process of 

substituting the nitrogen of a beta lactam, comprising treating a beta lactam of the 

structure 



Ar-iS. 



v Ar 2 



with a base and a protecting agent, to provide a beta lactam of the structure 

Ar,S. ^Ar 2 



15 



R 5 
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wh e re in Ari ana Ar a are each a., groups, where ah °' ^ ^ x 
independently op.iona,ly subsatuted with one or more o. halogen, hyd oxyU, x , 
af y,oxy heteroaryloxy, amino, alxylamino, diamine, mercap . 
alio heteroarylthio. oyano, carboxyl, alfcoxycarbonyl where the alKoxy port™ 
S lis 1 ,o 15 carbon atoms, and a„oxycarbonyl where the ary,oxy pomon 
contains 6 to 20 carbon atoms; and R 5 is selected from benzoyl and tBOC 

* ^ — * . 

Optionally, this process is preceeded by forming a beta lactam of the formula 




10 by a process comprising reacting together compounds of the torn* *,MHr 
cUc, base, and Ar^CHO under conditions mat form the beta lactam. 
Optionally, the base is ammonia. 

in another aspect, the present invention provides a process for 

preparing a beta lactam, comprising the scheme 



15 




v O-PG 



« R, is hydroxy,, protected hydroxy!, thiol, or protected thiol; LG ,s a leaw* 
group; R, is alKyl, alxenyl, alxyny, or aryl, where R, may be op«onally subs«ed 
with one or more o, halogen, hydroxy,, alxoxy, aryloxy. heteroaryloxy, amino, 
alxylamino, dialxylamino, mercapfo. aixyRhio, arylthio, heferoary^, J£ 
20 carboxy,, aixoxycarbony, where the alKoxy portion contains J o 

aryloxycarbonyl whe* the aryloxy portion conta,ns 6 to 20 carbon, 
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he,eroary,carbony, whara the heteroa*, pomon contains 3 .0 15 carbon atoms; 

and PG is a protecting group. 

, n anothar aspact, tha prasan. invantion provides a compound of the 

formula 




s O-PG 

" wherein R, is hydroxy,, protected hydroxyl, thiol, or protected thioi; R 2 is alkyl 
alkenyl alkyny, or aryl, where R 2 may ha optionally substtuted with one or more 0, 
len alkoxy, atyloxy, heteroaryloxy, amino, alKylamino, dialKy lamrno, 

mtapto, Lyl, — . —0, cyano, carboxyl. ^ 
10 the alkoxy portion contains 1 to 15 carbons, a^loxycarbonyl where the aryfcxy 
portion ZL 6 to 20 carbon, or hateroaryioarbony, where .he heteroary, porbon 
contains 3 to 15 carbon atoms; and PG is a protecting group. 

,„ another aspect, tha present invention prov,des a process 

comprising the scheme 

PG-CX 



sR2 



H + 




t>-PG 



R1 



15 



wherein R, is hydroxy,, protected hydroxy,, thiol, or protected throl; R 2 ,s alM 
alxeny, alkyny, or aryl, where R 2 may be opttonaliy subsbtuted w«h one or more o, 
Xn, hydlxyi, alkoxy, aryloxy, heteroa„oxy, amino, alkylamino, 
mercapto, a,ky1m.o, arylthio, he,eroary»hio, oyano, carboxyl, j£ 
20 the alkoxy portion contains 1 .0 15 carbons, aryloxycarbony, where the aryloxy 
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portion contain, 6 .0 20 carbon, or heteroarylcarbonyl where the heteroary, portion 
oontains 3 to t5 carbon atoms; and PG is a protecting group, where H + represents 
a proton source such as organic or mineral acid. 

in another aspect, the present invention provides a compound of the 



5 formula 

PG-0 




Ri 



alkynyl or aryl where R, is optionally substituted with one or more of halogen, 
Wroxyl, ally, aryloxy, heteroa,loxy, amino, alkylamino. d«y,am,n. 
,0 mercapto. alKylthio, aryKhio. he,eroa,l.h,o, cyano, carboxyl, * £ 
the alkoxy portion contains 1 to 15 carbons, aryloxycarbony, where the a^ 
portion contains 6 to 20 carbon, or heteroarylcarbonyl where the heteroaryl port,o 
oontains 3 to 15 carbon atoms; R z is alky.. alKenyl, alkynyl or aryl, where R 2 may 
be optionally subsntuted with one or more o, halogen, hydroxyl, alkoxy. ary oxy. 
hetelryloxy, amino, alkylamino, dialkylamino, mercapto, * 
heteroary^thio, cyano, carboxyl, alkoxycarbonyl where the alkoxy portion conUins 1 
to 15 carbons, aryloxycarbonyl where the aryloxy portion contains 6 to 20 carbon, 
or heteroarylcarbonyl where the heteroaryl portion contains 3 to 15 carbon atoms; 
PG is a protecting group; and salts and esters .hereof. Optionally, R, - selected 
20 from methoxymethyl, methoxyethyl, 1-e.hoxyethyl, benzyloxymethyl, beta- 
trim e t hylsi,yl-e.hoxy,me,hyl, tetrahydropyranyl, 2,2,2,rtch,oro-e,hoxycarbony , 
benzyloxycarbonyl, tert-butoxycarbonyl, 9-fluorenylmefhoxyca*onyl, 222 
TZoLJ^. — yl, triethylsilyl, fdpropylsilyl, dimethylethyls.lyl, 
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dimelhyKt-butyOsily.. diethyime.hy.sity,, dimemyfphenylsilyf, d,pheny,mefhy,s„yl, 
acetyl, chloroacetyl, dichloroacefy,, .richloroacetyl and trifluoroacetyl. 

in another aspect, the present invention provides a process of 
replacing a thioaryl group with a hydroxyl group according to the scheme 

PG. 

Hg 





OH 

" wherein PG is an amine protecting group, Ar, and Ar 2 are each aryl groups, where 
each of Ar, and Ar 2 is independent* optional* substituted with one or more of 
Halogen, hydroxy,, alkoxy, aryloxy. heteroaryloxy, amino, alkylamino, d^alKy larnrno 
mercapto, alkyf<hio, aryHhio, heteroaryWo, cyano, carboxyl, alkoxycarbon* whe e 
10 the alkoxy portion contains 1 to 15 carbon atoms, and aryloxycarbonyl where the 
aryioxy portion contains 6 to 20 carbon atoms; E is hydrogen or an orgamc group 
and Hg represents a mercury-conUining oxidizing agent. Optional PG ,s ben Z oy 
or 1BOC; optionally, E is hydrogen; optionally, Ar, and Ar 2 are each phenyl; and 
optionally Hg is HgO or Hg(CF 3 C0 2 ) 2 . 

,n another aspect, the present invention provides a process of 
replacing a fhioaryl group wrth a hydroxyl group according to the following scheme 
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Ar 2 



HQ* 



Ar 2 



Hg 



Rio 



MO 



wherein Hg represents a mercuric reagent, and Ar, and Ar 2 are .ndependen y 
selected from alkyl, alkenyl, alkynyl, ary, or substtuted ary, radical; and R,o . 
20 hydrogen, C-Cealkyl, ary, or substituted ary, radical; wherein a subs.rtu.ed ary, 
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radical is substituted with one or more of halogen, hydroxyl, alkoxy, aryloxy, 
heteroaryloxy, amino, alkylamino, dialkylamino, mercapto, alkylthio, arylthio, 
heteroarylthio, cyano, carboxyl, alkoxycarbonyl where the alkoxy portion contains 1 
to 15 carbons, aryloxycarbonyl where the aryloxy portion contains 6 to 20 carbon, 
5 or heteroarylcarbonyl where the heteroaryl portion contains 3 to 15 carbon atoms. 
Exemplary mercuric reagents are mercuric oxide and mercuric trifluoroacetate. 
Optionally, the process is conducted with the addition of eerie ammonium nitrate 
(CAN). 

In another aspect, the present invention provides a process 
1 0 comprising esterifying a compound of the formula 

R 6 o O 



HOIM 




wherein R 6 is acetyl or dichloroacetyl; and R 7 is triethylsilyl, dichloroacetyl or 2,2,2- 
trichloroethoxycarbonyl (Troc); with an acid compound of a formula selected from 




15 wherein R 8 is tBOC, PMP, Bz or H; R 9 is thiophenyl, acetoxy, methoxy, 
t-butoxycarbonyloxy, phenoxy, ethoxyethyl, or dichloroacetyl; and R 10 is hydrogen. 
Optionally, the acid compound has the formula 
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t-BOC 




wherein Ar, is phenyl and R 8 is thiopheny., aeetoxy. methoxy, t-butoxyoatonyloxy 
phenoxy. ethoxyethyl. or diohloroaeetyl. As another option, the acid oompound 
has the formula 

Rs- 




wherein Ar, is phenyl. R. is tBOC, PMP or H, and R, is aoetoxy. As another 
option, the acid compound has the formula 




wherein An is phenyl, R 8 is hydrogen or PMP, and R 9 is acetoxy. methoxy, 
1 o t-butoxycarbonyloxy, phenoxy, ethoxyethyl, or dichloroacetyl. 
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In 



another aspect, the present invention provides a compound of the 



formula 



10 



NHR 8 O 




OH" 1 " 




wherein Re and R 7 are independently selected from hydrogen, triethylsilyl. acetyl 
and dichloroacetyl, with the proviso that Re and R 7 may not be simultaneously 
hydrogen. R. is tBOC, PMP. Bz or H, and Re is thiophenyl, acetoxy. methoxy, 
t-butoxycarbonyloxy, ethoxyethyl, or dichloroacetyl. Optionally. Re and R7 are 
each dichloroacetyl; Re is tBOC; and R 9 is thiophenyl. acetoxy. methoxy, 
,-butoxycarbonyloxy. ethoxyethyl, or dichloroacetyl. As another opto.. Re >s 
acetyl R, is -TES, R„ is t-BOC, and Re is thiophenyl, acetoxy, methoxy, 
t-butoxycarbonyloxy, or dichloroacetoxy. As yet another option, Re and R, are 
each dichloroacetyl, Re is tBOC, PMP or H, and R 9 is acetoxy. One addihonal 
option is that Re is acetyl, R 7 is triethylsilyl, Re is tBOC, PMP. Bz or H. and Re is 
acetoxy. where these options are exemplary options. 



ig 




NHR 8 0 




(II) 



PJT 3 



HO BzO 



OAc 



wherein R 6 and R 7 are independently selected from hydrogen, triethylsilyl, acetyl 
5 and dichloroacetyl, with the proviso that R 6 and R 7 may not be simultaneously 
hydrogen, R 8 is tBOC, PMP, Bz or H, and R 9 is thiophenyl, acetoxy, methoxy, 
t-butoxycarbonyloxy, ethoxyethyl, or dichloroacetyl. Optionally, the compound of 
structure (I) is deprotected at the 2' position to form an intermediate of structure 
(la), and the intermediate is treated with zinc acetate dihydrate to form the 
10 compound of formula (II), where the intermediate has the structure 
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Also optionally, the compound of formula (I) is treated with protic acid and tertiary 
amine in an organic solvent to form an intermediate of formula (lb), and the 
intermediate is deprotected at the 2' position to form the compound of formula (II), 
5 where the intermediate has the structure 




In another aspect, the present invention provides a method of 
preparing TAXOTERE, comprising reacting a compound of structure (III) with t- 
BOC, followed by deprotection of at least one of the 2', 7 and 10 positions, where 
10 the compound of structure (III) is 




(ill) 
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wherein Re and R 7 are independen«,y selected front hydrogen, «n«l, aeety 
Tr0 c and dicbioroacety-, with the proviso tha, Re and R, may not be —ecus, 
hydrogen, and R s is thiophenyi, acetoxy, methoxy, t-butoxycartonytoxy. o 
d Lioroaoety, or ethoxyethyi. Option*, Re and R, are eaoh dfchioroace * an 
r 9 i8 aoetoxy. Aiso option*, the compound o, structure (Hi) . prepared by the 
reduction of a compound of structure (IV) 




-OH'" 



R 9 




(IV) 



wherein R 6 and R 7 are each dich.oroacetyl, R 9 is acetoxy, and R„ is OCO-t-B, In 
a preferred embodiment, R 6 is acetyi or dich.oroacetyl, R 7 is TES or Troc, and R 9 , 
10 acetoxy or ethoxyethyi. In one option, the compound of structure (...) is prepared 
by the reduction of a compound of structure (IV) 

ReO. J 




■OH'" 



R 9 




(IV) 



HO BzO 



wherein Re is Ac, R, is TES, R, is acetoxy. and R„ is PMP, OCOO-.-Bu or H. 
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In another aspect, the present invention provides a process 
comprising the scheme 



Ar AcC l 

AriS s ^ Ar 2 



CuOAc 



serein Ar, and Ar 2 are independent selected fro. a,M, -«* 
5 substituted ary, radical; and R,o is hydrogen. C-Ce*!, aryi or subs*u.e d aryl 
radical- where a substituted ary. radical is substituted with one or more of h logen. 
Clyi, alKoxy. ary,oxy. heteroaryloxy. amino, alKylamino, 
merca to, alKylthio, arynhio, heteroa^lthio, cyano, carboxyl, alRoxycarbony, we, 
the al oxy portion contains 1 to 15 carbons, aryioxycarbony, where the ary.xy 
10 portion contains 6 to 20 carbon, or heteroa,lcarbonyl where the — ' ^ 

both the alpha and beta forms are included. 

, n another aspect, the present invention proves a process 
coupling a beta lactam to a baccatin III compound according to the following 
15 scheme 



HOW"" 




Oliui" 




HCf BzO 



23 



wh ere,n R 3 and R, are independent selected from hydrogen ^ ^ 
nydroxy. thiol, pro.eo.ed «, alkyl, alkenyl, alkynyl, or aryl where R, and R^ are 
SI y sublted w rt h one or .ore o. ha,o g en, hydroxy!, alkoxy, ary oxy, 
riioxy, amino, alkylamino, diamine, mercapto, a,ky»h,o, aryKh o 

,o 15 carbons, aryloxyoarbonyl where the aryloxy portion conta,ns 6 to 20 carbon, 
nt^Iy, where .he heteroary, portion — « 
R7 ,s hydroxy, or a protected hydroxy, group; and the coupl.ng . performed by 
addition o, meta, hydride, meta, alkoxide or iewis aoid to the reachon mixture 

in another aspect, the present invention prov,des a process 
making a compound of formulas („l') or (IV): 

ACQ. ,? 




HO BzO 
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comprising 



ising the step of reacting a compound of formula (I 1 ) 

O R 7 



AcO 




0') 



OBz 



with a compound of formula (lla') or (lib 1 ) 



Rl2\ 



*NH 0 



R 4 

R3 *4 




■NH 



(lib') 



5 wherein R„ R, R, and R. are independently selected from hydrogen hydro** 
pro.eo.ed hydroxyl. thiol, pro.eo.ed thiol, alky,. alKenyl, alkynyl, or aryl where R, 
and R 3 are op.iona,ly substtuled with one or m ore o, halogen, ^ 
aryloxy, heteroaryloxy. amino, alkylamino, dialkylamino, meroap.o, «*h». 
a^thTo, heteroarylthio, oyano, carhoxy,, alkoxyearbony, where .he al^ portion 

„ eontains 1 .0 15 oarhons, arytoxyoarbony, where the aryloxy portion oon,a,ns6 o 
20 oarbon, or heteroaryloarbonyl where the heteroaryl portion conta,ns 3 to 15 
carbon atoms; R 7 = -OCOCHCt triethyteity. or Troo; and R„ is an amrne 
protecting group^ ^ ^ ^ ^ ^ ^ - ^ ^ upon 

1 5 reference to the following detailed description. 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 illustrates several ohemioal routes for the preparation of 
beta-lactam and phenylisoserine sideohains according to ft. present invention. 
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Figure 2 illustrates a chemical route for the preparation of beta- 
lactam and phenylisoserine sidechains according to the present invention. 

Figure 3 illustrates a chemical route for the preparation of a beta- 
lactam and phenylisoserine sidechain according to the present invention. 
5 Figure 4 illustrates chemical routes for the preparation of taxotere 

from various intermediate compounds prepared according to the present invention. 

Figure 5 illustrates chemical routes for the preparation of taxotere 
from various intermediate compound prepared according to the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

10 m brief, the present invention relates to 3-phenylisoserine 

compounds as well as the preparation thereof and the intermediates formed during 
their preparation; baccatin III compounds and the preparation thereof; methods of 
joining together a 3-phenylisoserine compound and a baccatin III compound as 
well as the resulting chemical structure(s); and the conversion of one taxane 

15 compound to another taxane compound as well as the resulting chem.ca. 
structure(s). Before providing a detailed description of these and other aspects of 
the present invention, the following list of definitions is provided to assist the reader 
in understanding the invention. 
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A. Definitions 

The term "hydroxy-protecting group" refers to a readily cleavable 
group bonded to the oxygen of a hydroxyl (-OH) group. Examples of hydroxy 
protecting groups include, without limitation, acetyl (Ac), benzyl (PhCH 2 ), 1- 
ethoxyethyl (EE), methoxymethyl (MOM), (methoxyethoxy)methyl (MEM), (p- 
methoxyphenyOmethoxymethyl (MPM), tert-butyldimethylsilyl (TBS), tert- 
butyldiphenylsilyl (TBPS). tert-butoxycarbonyl (tBoc, t-Boc, tBOC, t-BOC), 
tetrahydropyranyl (THP), triphenylmethy. (Trityl, Tr), 2-methoxy-2-methy.propyl, 
benzyloxycarbonyl (Cbz), trichloroacetyl (OCCCI 3 ), 2,2,2-trich.oroethoxycarbony. 
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(Troc) benzyloxymethyl (BOM), tert-buly, (t-Bu), Iriethylsilyl (TES), trimethyls,.y> 
(IMS)', and tr.fcopropy.sW (TIPS). The related term "protected hydroxy group 
refers to a hydroxy group that is bonded to a hydroxy-protecting group. Genera, 
examples of protected hydroxy groups include, without limkation, -O-alkyl, -O-acyl. 
5 acetal and -O-ethoxyethyl, where some speckle protected hydroxy groups .nclude, 
formyloxy, acetoxy, propionyloxy, chloroacetoxy, bromoacetoxy, dichloroacetoxy, 
trichloroacetoxy, trifluoroacetoxy, methoxyacetoxy. phenoxyacetoxy, benzoyloxy, 
benzoykormoxy. p-ni»ro benzoyloxy, ethoxycarbonyloxy, methoxycarbonyloxy, 
propoxycarbonyloxy, 2,2,2-trichloro ethoxycarbonyloxy, benzyloxycarbony loxy, 
10 ,eri,butoxycarbony,oxy, 1-cyclopropy. ethoxycaroonyloxy, phlhaloyloxy 
butyryloxy, isobutyryloxy, valeryloxy, isovaleryloxy, oxalyoxy, sucoinyloxy and 
pivaloyloxy, phenylacetoxy, phenylpropionyloxy, mesyloxy, chlorobenzoyloxy, 
para-ni.robenzoy.oxy, para-tert-butyl benzoyloxy, capryloyloxy, acryloyloxy, 
methylcarbamoyloxy, phenylcarbamoyloxy, naphthylcarbamoyloxy, and the hke. 
15 Hydroxy protecting groups and protected hydroxy groups are described ,n, e.g., C. 
B Reese and E. Haslam, "Protective Groups in Organic Chemistry," J. G. W. 
McOmie, Ed., Plenum Press, New York, N.Y., 1973, Chapters 3 and 4, 
respectively, and T. W. Greene and P. G. M. Wuls, "Protective Groups in Organ,c 
Synthesis," Second Edition, John Wiley and Sons, New York, N.Y., 1991, Chapters 
20 2 and 3. 

The term "thiol-protecting group" refers to a readily cleavable group 
bonded to the sulfur of a thiol (-SH) group. Examples of thiol protecting groups 
include, without limitation, triphenylmethyl (trityl, Trt), acetamidomethyl (tan), 
benzamidomethyl, 1-ethoxye.hyl, benzoyl, and the like. The related term 
25 "protected thiol group" refers to a thiol group that is bonded to a thiol-proteCng 
group General examples of protected thiol groups include, without limkahon, -S- 
alkyl (alkylthio, e.g., C-Coalkylthio), -S-acyl (acylthio), thioacetal, -S-aralkyl 
(aralkykhio, e.g., aryKC-Oa.kyluilo), where some specie protected thiols groups 
include methylthio, ethylthio, propylthio, isopropykhio, butylthio, isobutylth.o, sec- 
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butyRhio, tert-butylthio, pentylthio, isopentylthio, neopentyKhio, hexy^o, 
beptylthio, nonyRhio, cyclobutytthio, cyclopentyRhio and cydohexylthio, benzylt ,o. 
phenethyRhio, propionic, n-butyryithio and iso-butyryRhio. Thio protechng 
groups and protected thio groups are described in, e.g., C. B. Reese and t. 
5 Haslam, -Protective Groups in Organic Chemistry," J. G. W. McOmie, Ed., Plenum 
Press New York, N.Y., 1973, Chapters 3 and 4, respectively, and T. W. Greene 
and P. G. M. Wuts, "Protective Groups in Organic Synthesis," Second Edrtron. 
John Wiley and Sons, New York, NY, 1991, Chapters 2 and 3. 

The term "amine protecting group" refers to groups known in the art 
10 that can be used to protect an amine group from undergoing an undesrred 
chemical reaction. Examples of amine protecting gmups include, but are no 
limited to: acyl types such as fomtyl, trifluoroacetyl, phthalyi, and p-toluenesulfony 
aromatic carbamate types such as benzyloxycamony, (Cbz) and substituted 
benzyloxy-carbonyls, l-(p-biphenyl)-1-methylethoxy-carbonyl, and 9- 
15 fluorenylmethyloxycarbonyl (Fmoc); aliphatic carbamate types such as tert- 
butyloxycarbonyl (tBoc), ethoxycarbonyl, diisopropylmethoxycarbonyl. and 
allyloxycarbonyl; cyclic alkyl carbamate types such as cyclopentyloxycarbonyl and 
adamantyloxycarbonyl; alky, types such as tnphenylmethyl and benzyl; 
trialkylsilane such as trimethylsilane; and thiol containing types such as 
20 phenylthioca-bonyl and dithiasuccinoyl. Amine protecting groups and protected 

... pr Rpp*p and E Haslam, "Protective 

amine groups are described in, e.g., C. B. Reese ana t. nas 

Groups in Organic Chemistry," J. G. W. McOmie, Ed., Plenum Press, New York, 
N Y 1973 Chapters 3 and 4, respectively, and T. W. Greene and P. G. M. Wuts, 
"Protective Groups in Organic Synthesis," Second Edition, John Wiley and Sons, 

25 New York, N.Y., 1991, Chapters 2 and 3. 

The following Table shows the chemical structure of some protecting 
groups, as well as nomenclature used to identify those chemical structures. 
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Acetyl 
(Ac) 



Dichloroacet 

yi 



0 

II 

H 3 C C 




Triethylsilyl 
(TES) 



Benzoyl 



ci o 

H C C 

I 

CI 



Acetoxy 
(-OAc) 




Dichloroacetox 

y 



CH 2 CH 3 I Triethylsiloxy 
(-OTES) 

H 3 CH 2 C Si- 



H,C- 




Cl 



H C C O 



CI 




CH 2 CH 3 
H 3 CH 2 C Si 0 

CH2CH3 

Q 2 




c — o 




CH 3 



H 3 C C O C 




CH 3 
CH 3 



H 3 C- 




Butyloxycarbonyl 
(tBOC) 



t-Butoxycarbonyloxy 
(-O-tBOC) 



para-Methoxyphenyl 
(PMP) 



The term "alky!" refers to a hydrocarbon structure wherein the 
carbons are arranged in a linear, branched, or cyclic manner, including 
5 combinations thereof. Lower alky, refers to alky, groups of from 1 to 5 carbon 
atoms Examples of lower a.kyl groups include methyl, ethyl, propyl, isopropyl, 
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butyl s- and t-butyl and the like. Preferred alkyl groups are those of C20 or below. 
More preferred alkyl groups are those of C13 or below. Cycloalkyl is a subset of 
alkyl and includes cyclic hydrocarbon groups of from 3 to 13 carbon atoms. 
Examples of cycloalkyl groups include cyclopropyl, cyclobutyl, cyclopentyl, 
5 norbornyl, adamantyl and the like. When an alkyl residue having a specific 
number of carbons is named, all geometric isomers having that number of carbons 
are intended to be encompassed; thus, for example, "butyl" is meant to include n- 
butyl, sec-butyl, isobutyl and t-butyl; "propyl" includes n-propyl and isopropyl. 

The term "alkenyl" refers to an alkyl group having at least one site of 

1 0 unsaturation, i.e., at least one double bond. 

The term "alkynyl" refers to an alkyl group having at least one triple 

bond between adjacent carbon atoms. 

The terms "alkoxy" and "alkoxyl" both refer to moieties of the formula 
-O-alkyl. Examples include methoxy, ethoxy, propoxy, isopropoxy, cyclopropyloxy, 
15 cyclohexyloxy and the like. Lower-alkoxy refers to groups containing one to four 
carbons. The analogous term "aryloxy" refers to moieties of the formula -O-aryl. 

The term "acyl" refers to moieties of the formula -C(=0)-alkyl. One 
or more carbons in the acyl residue may be replaced by nitrogen, oxygen or sulfur 
as long as the point of attachment to the parent remains at the carbonyl. 
Examples include acetyl, benzoyl, propionyl, isobutyryl, t-butoxycarbonyl, 
benzyloxycarbonyl and the like. Lower-acyl refers to groups containing one to four 
carbons. 

The term aryl refers to phenyl or naphthyl. Substituted aryl refers to 
mono- and poly- substituted phenyl or naphthyl. Exemplary subsituents for aryl 
25 include one or more of halogen, hydroxyl, alkoxy, aryloxy, heteroaryloxy, amino, 
alkylamino, dialkylamino, mercapto, alkylthio, arylthio, heteroarylthio, cyano, 
carboxyl, alkoxycarbonyl where the alkoxy portion contains 1 to 15 carbons, 
aryloxycarbonyl where the aryloxy portion contains 6 to 20 carbon, or 
heteroarylcarbonyl where the heteroaryl portion contains 3 to 15 carbon atoms. 
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The term "heteroaryl" refers to a 5- or 6-membered heteroaromatic 
ring containing 1-3 heteroatoms selected from 0, N, or S; a bicyclic 9- or 10- 
membered heteroaromatic ring system containing 0-3 heteroatoms selected from 
O N or S- or a tricyclic 13- or 14-membered heteroaromatic ring system 
5 containing 0-3 heteroatoms selected from 0, N, or S. Exemplary aromatic 
heterocyclic rings include, e.g., imidazole, pyridine, indole, thiophene, 
benzopyranone, thiazole, furan, benzimidazole, quinoline, isoqu.nol.ne, 
quinoxaline, pyrimidine, pyrazine, tetrazole and pyrazole. 

The term "leaving group" (LG) refer to a chemical moiety that may be 
10 displaced during a substitution or elimination reaction. Exemplary leaving groups 
include halide (e.g., bromide and chloride) and as tosyl. 

The term "halogenating agent" refers to a chemical that may be 
added to a reaction mixture to cause the addition of a halide to a carbon of an 
organic molecule. Halogenating agents include, for example, inorganic ac.d 
15 halides, for example thionyl chloride, phosphorus trichloride, phosphorus 
tribromide, phosphoryl chloride trifluoromethanesulfonic acid, N-iodosuccinim.de 
and phosphorus pentachloride. Other halogenating are known in the art. The 
reaction is conveniently carried out in the presence of an excess of the 
halogenating agent in the presence of a solvent or diluent such as, for example, a 
20 halogenated solvent such as methylene chloride, chloroform or carbon 
tetrachloride. The reaction may conveniently carried out at a temperature in the 
range, for example, 10 to 150°C, preferably in the range 40 to 100°C. 

In several instances, the present invention provides compounds 
including the designation "-C0 2 -E" where E represents hydrogen or an organic 
25 group. In these instances, the compounds being disclosed are carboxylic ac.ds or 
esters thereof. Optionally, E is hydrogen. Alternatively, E is an organic group, 
where preferred organic groups are alkyl, alkenyl, alkynyl. aryl, or heteroaryl as 
defined above. Optionally, E has a molecular weight of less than 1,000, preferably 
less than 500 g/mol. 
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B. Sidechain Preparation 

In various aspects, the present invention provides for the preparation 
of imine compounds, the conversion of an imine compound to a B-lactam 
compound, the preparation of oxime compounds, the conversion of an oxime 

5 compound to a (5-lactam, the conversion of one p-lactam compound to another (3- 
lactam compound, the ring-opening of a p-lactam compound to provide a 3- 
phenylisoserine compound, and the conversion of one 3-phenylisoser,ne 
compound to another 3-phenylisoserine compound. These various aspects of the 
invention are described in detail below. The individual reaction steps, the starting 

10 materials and products when novel, and sequences of reaction steps are all 
aspects of the present invention. 

1 . Preparation of imine compounds 

In one aspect of the invention, as illustrated in Reaction 1, the 
reaction of benzaldehyde with anisidine yields a para-methoxyphenyl (PMP)- 
15 protected imine. 



Reaction 1 




o 



CHO ^ ph 



PMP 



More specifically, to a solution of benzaldehyde in an inert solvent such as 
dichloromethane is added anisidine at about room temperature followed by 
20 magnesium sulfate and the reaction mixture stirred at room temperature for about 
16 hours. The solid is filtered and the filtrate is evaporated to give the product 



imine. 
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In another aspect, the present invention provides a process of 
forming a beta lactam of the formula 



Ar^S 



Ar 2 



Y H 



wherein Ar, and Ar 2 are each aryl groups, where each of An and Ar 2 are 
5 independently optionally substituted with one or more of halogen, hydroxy!, alkoxy, 
aryloxy, heteroaryloxy, amino, alkylamino, dialkylamino, mercapto, alkylth.o, 
arylthio, heteroarylthio, cyano, carboxyl, alkoxycarbonyl where the alkoxy port.on 
contains 1 to 15 carbon atoms, and aryloxycarbonyl where the aryloxy port.on 
contains 6 to 20 carbon atoms. The process comprises reacting together 
10 compounds of the formula AnS-CH^OCI, NH 3 . and Ar 2 -CHO under conditions 
that form the beta lactam. In one embodiment, each of An and Ar 2 are phenyl. 

For example, an aspect of the present invention is illustrated by 
Reaction 2, wherein an imine may be prepared by reacting benzaldehyde with 
ammonia. 



15 Reaction 2 

( 



o 



Ph 

NH i 



CHO 

NH 



More specifically, to a solution of benzaldehyde in a suitable solvent such as 
ethanol is added ammonia solution at room temperature, and the stirred reaction 
mixture is heated to about 40-50°C for about 2-3 hours. The resulting solid is 
20 filtered and washed with methanol or equivalent followed by water to give the 



imine. 
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2. Conversion of an imine compound to a beta-lactam compound 

In one aspect, the present invention provides a process of preparing 
a beta-lactam, comprising the scheme 

Ri 




R 3. 



5 In this scheme, R 1 is hydroxyl, protected hydroxy!, thiol, or protected thiol; LG .s a 
leaving group; R 2 is alkyl, alkenyl, alkynyl, or aryl where R 2 is optionally substituted 
with one or more of halogen, hydroxyl, alkoxy, aryloxy, heteroaryloxy, amino, 
alkylamino, dialkylamino, mercapto, alkylthio, arylthio, heteroarylthio, cyano, 
carboxyl, alkoxycarbonyl where the alkoxy portion contains 1 to 15 carbons, 
10 aryloxycarbonyl where the aryloxy portion contains 6 to 20 carbon, or 
heteroarylcarbonyl where the heteroaryl portion contains 3 to 15 carbon atoms; 
and R 3 is hydrogen. In a preferred embodiment, Rl is thioaryl or substituted 
thioaryl, e.g., thiophenyl or substituted thiophenyl. In one embodiment of the 
invention, Rt is thiophenyl. In a preferred embodiment, R 2 is aryl or substituted 
1 5 aryl, e.g., phenyl or substituted phenyl. In one embodiment of the invention, R 2 is 
phenyl. The scheme shows the formation of the cis product (i.e., Ri and R 2 are 
cis), however it is typically the case that both the cis and trans products are 
formed. As one option, the imine may be prepared as shown in Reaction 2, 
wherein (R 2 )(H)C=N-R 3 is prepared by reaction between an aldehyde of the 
20 formula R 2 -CHO, and an amine of the formula R 3 -NH 2 . 

Reaction 3 shows a specific example of converting an imine to a (3- 
lactam, where this specific conversion is another aspect of the present invention. 
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Reaction 3 



r 



Ph PhS^ 

PhSCH 2 COCl 



PMP 



DCM, TEA 



+ 



PMP </ . PMP 



trans 



More specifically, an imine is dissolved in an inert solvent such as dichloromethane 
and cooled to about 0°C under an inert atmosphere such as argon gas. 
Thiophenyl acetyl chloride or any other respective acid chloride is added dropwise 
to the cooled stirred solution of the imine at about 0°C. To the resulting solution is 
added dropwise a tertiary amine, e.g., triethylamine, also at about 0°C. The 
reaction mixture is gradually warmed to room temperature and kept at this 
temperature for about 16 hours. The reaction is quenched by pouring into ice-cold 
water and extracted three times with dichloromethane and dried over anhydrous 
magnesium sulfate. The solvent is evaporated to give the crude product which is 
purified by column chromatography using dichloromethane initially followed by 
mixtures of hexane/ethyl acetate to get the pure cis and trans p-lactams shown in 
Reaction 3. The cis and trans isomers may be separated from one another by, 
e.g., column chromatography. Either isomer, or the mixture of isomers, may be 
converted to a phenylisoserine compound as described later herein. 

Thus, in another aspect, the present invention also provides 

compounds of the formula 



R 2 



R 3 



0 wherein R 1 is thiol (SH), tBOC, acetate, methoxy, thiophenyl, CI 2 CH-C(0)0- or 1- 
ethoxyethyl, R 2 is phenyl and R 3 is hydrogen. 
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In another aspect of the invention, an imine without a protecting 
group attached to the imine nitrogen may be converted to a (J-lactam as shown in 
Reaction 4, where this conversion is another aspect of the invention, and the 
chemical product is another aspect of the invention. 



r 



Reaction 4 

CH 3 C0 2 CH 2 C0C1 



Ph Ac % /h 



NH DCM, TEA ^ N ^ 



More specifically, to a stirred solution of an imine in an inert solvent such as 
anhydrous dichloromethane, and preferably under an inert atmosphere such as 
argon gas, is added acetoxy acetyl chloride dropwise at about 0°C. To this 

10 solution is added dropwise a tertiary amine, such as triethylamine, also at about 
0°C. The reaction mixture is gradually warmed to room temperature and kept at 
this temperature for overnight. The reaction is quenched by pouring into ice-cold 
water and extracted three times with dichloromethane following by drying over 
anhydrous magnesium sulfate. The solvent is evaporated to give the crude 

15 product which may be purified by column chromatography using dichloromethane 
initially followed by mixtures of hexane/ethyl acetate to give the p-lactam. 

3. Conversion of an oxime compound to a different oxime compound 

In another aspect of the invention, an oxime compound is converted 
to a protected form as illustrated in Reaction 5. 

20 Reaction 5 

" M 



-OH -O-t-BOC 



36 



More specifically, a syn-benzaldehyde oxime is added to a stirred 
solution of NaH in anhydrous THF at 0°C under an argon atmosphere. The 
reaction mixture is stirred at this temperature for 20 minutes and then (BOC) 2 is 
added dropwise. The reaction is stirred at 0°C for 1 hr and worked up as usual. 
The crude product is purified by column chromatography using 
hexane/dichloromethane to afford the pure product. 

4. Conversion of an oxime compound to a beta-lactam compound 

In another aspect the present invention provides a process for 
preparing a beta lactam, comprising the scheme 



10 




4 0-PG 



15 



20 



wherein * is hydroxyl, protected hydroxyl, thiol, or protected thiol; LG is a leav.ng 
group; R 2 is alkyl, alkenyl, alkynyl or aryl, where R 2 may be optionally substituted 
with one or more of halogen, hydroxyl, alkoxy, aryloxy, heteroaryloxy, am.no, 
alkylamino, dialkylamino, mercapto, alkylthio, arylthio, heteroarylthio, cyano, 
carboxyl, alkoxycarbonyl where the alkoxy portion contains 1 to 15 carbons, 
aryloxycarbonyl where the aryloxy portion contains 6 to 20 carbon, or 
heteroarylcarbonyl where the heteroaryl portion contains 3 to 15 carbon atoms; 
and PG is a protecting group. Noteworthy is that this process provides beta- 
lactam compounds having -O-PG substitution at the heterocyclic nitrogen ring. 

As an example, in one aspect of the invention, an oxime compound 
is converted to a beta-lactam having oxygen substitution on the ring nitrogen, as 
shown in Reaction 6. 
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Reaction 6 



r 



AcQ 



CH 3 C0 2 CH 2 COCI 



*«.. 



.vPh 



N 

v \) t-BOC 



t-BOC 



More specifically, a protected oxime is dissolved in dichloromethane and cooled to 
0°C under argon atmosphere. Acetoxy acetyl chloride or any other acid chlonde ,s 

5 added dropwise to the cooled stirred solution of the oxime at O'C. To this solution 
is added dropwise DMAP or any other base also at O'C. The reaction mixture ,s 
gradually warmed to room temperature (or may be heated to about 40«C) and 
keep at this temperature for 16 hours. The reaction is quenched by pounng into 
ice-cold water and extracted three times with dichloromethane and dned over 

10 anhydrous magnesium sulfate. The solvent is evaporated to give the crude 
product which is purified by column chromatography using dichloromethane ,n,t,ally 
followed by mixtures of hexane/ethyl acetate to get the pure product. 

Thus, in a related aspect, the present invention provides compounds 

of the formula 



X 



R 2 



15 



20 



\ 



'O-PG 



wherein R, is hydroxyl, protected hydroxy!, thiol, or protected thiol; R 2 is alkyl, 
alkenyl, alkynyl or aryl, where R 2 may be optionally substituted with one or more of 
halogen, hydroxyl, alkoxy. aryloxy, heteroaryloxy, amino, alkylamino, dialkylam.no, 
mercapto, alkylthio, a,ykhio, heteroarylthio, cyano, carboxyl, alkoxycarbonyl where 
the alkoxy portion contains 1 to 15 carbons, aryloxycarbonyl where the aryloxy 
portion contains 6 to 20 caiton. or heteroarylcarbonyl where the heteroaryl portion 
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contains 3 to 15 carbon atoms; and PG is a protecting group. Optionally, R, » a 
protected hydroxyl group and the protecting group is selected from methoxymethyl, 
methoxyethyl, 1-ethoxyethyl, benzyloxymethyl, (beta-trimethylsilyl-ethoxy)methyl, 
tetrahydropyranyl, 2,2,2-trichloro-ethoxycarbonyl, benzyloxycarbonyl, tert- 
5 butoxycarbonyl. 9-fluoreny.methoxycarbonyl, 2,2,2-trichloroethoxymethyl, 
trimethylsilyl, triethylsi.yl, tripropylsilyl, dimethylethylsilyl, dimethyKt-butyDs.lyl, 
diethylmethylsilyl, dimethylphenylsilyl, diphenylmethylsilyl, acetyl, chloroacetyl, 
dichloroacetyl, trichloroacetyl and trifluoroacetyl. Optionally, Ri is a protected thiol 
group, and the protecting group is selected from triphenylmethyl (trityl, Trt), 
10 acetamidomethyl (Acm), benzamidomethyl, 1-ethoxyethyl and benzoyl. 

5. Conversion of a beta-lactam compound to a different beta-lactam 
compound 

A thiophenyl-substituted (3-lactam having a protecting group on the 
ring nitrogen may be deprotected as shown in Reaction 7, where this deprotection 
1 5 reaction is another aspect of the present invention. 



Reaction 7 



CAN 



PMP 



More specifically, cis beta lactam is dissolved in a suitable solvent such as 
acetonitrile under an inert atmosphere such as argon gas, and cooled to about 
20 0°C To this stirred cooled solution is added an aqueous solution of cenc 
ammonium nitrate (CAN) dropwise and the mixture is stirred for about 1 hour. The 
reaction mixture is poured into water and extracted three times with ethyl acetate. 
The combined organic phases are successively washed wfth (a) 5% sodmm 
bicarbonate solution, (b) saturated sodium sulfate solution, and (o) saturated 
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sodium chloride solution, followed by drying over anhydrous sodium sulfite. After 
evaporation of the solvent under reduced pressure the crude product is purified by 
column chromatography twice using mixtures of hexane/ethyl acetate and 
dichloromethane/ethyl acetate to get the pur* cis product. The same procedure 
could also be used to remove the paramethoxy group from trans p-lactam t0 g,ve 

the conesponding 3-thiophenyl-azetidinone. 

In another aspect, the present invention provides a process whereby 

the nitrogen atom of a beta-lactam is bonded to a protecting group. This aspect of 

the invention comprises treating a beta lactam of the structure 



10 



Ar,S, 



Ar 2 



\ 



H 



with a base 



and a protecting agent, to provide a beta lactam of the structure 



Ai^S. 



Ar 2 



wherein Ar, and Ar 2 are aryl groups independently selected at each occurrence, 
and R 5 is selected from benzoyl and tBOC. The protecting agent may be, for 
15 example, benzoyl chloride or di-ten-butyWicarbonate. Optionally, this process . 
proceeded by forming a beta lactam of the formula 



Ar,S 



V 



Ar 2 
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by a process comprising reacting together compounds o, the formula Ar,S-CH, 
cUc., base, and Ar^CHO under conditions that tan. the bete lactam. The 
base may be a nitrogen-containing base, e.g., ammonia. 

For example, the ring nitrogen of a fi-lactam may be protected wrth 

u k a n7n«i rR 7 as shown in the following reaction) 
an amine protecting group such as benzoyl (Bz, as snown 

ort-BOC. This is illustrated in Reaction 8. 



Reaction 8 



Benzoyl chloricte^ 



More specifically, a p-lactam is dissolved in an inert solvent such as 
10 dichloromethane and cooled to ca. 0°C under an inert atmosphere, e.g., argo 
g as Dimethylaminopyridine (DMAP) and triethylamine are added foliowed by 
dropwise addition of benzoyl chloride at 0°C wrth stirring. The reaction mixture ,s 
stirred for about 1 hour and then was washed wrth saturated aqueous ammomum 
chloride and brine and dried over anhydrous sodium suKate. After removal o the 
15 so^ent under reduced pressure the crude product is purified by column 
chromatography using mixtures of dichloromethane/hexane to afford the pure 

benzoylated p-lactam. 

,n another aspect of the invention, a paramethoxyphenyl protectmg 

group attached to the ring nrtrogen of a p-lactem is replaced with a benzoyl group 
20 as shown in Reaction 9. 
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Reaction 9 



PhS A 



Ph 



PhS A 



Ph 



CAN 



>p N 2. Benzoyl chloride X N d N \ 

ran* «* 



More specifically, the paramethoxy grcup cf the trans p-lactam is removed by 
using eerie ammonium nftrate (CAN) in aqueous acetonitrile solution, followed by 
5 treating the product mixture with benzoyl chloride to afford a mixture of as and 

trans benzoylated p-lactams. 

In another aspect, the present invention provides for the 

halogenation of a beta-lactam, as illustrated by the scheme 



\ 



Ar 2 



M 



X 



Ar 2 



N 



N 



10 



wherein Ar, and Ar 2 are each aryl groups, where each of Ar, and Ar 2 • 
independently optionally substituted with one or more of halogen, hydroxy., alkoxy. 
aryloxy. heteroaryloxy, amino, alkylamino, dialkylamino, mercapto, alkyltho. 
arylthio, heteroarylthio, cyano, carboxyl, alkoxycarbonyl where the alkoxy poraon 
contains 1 to 15 carbon atoms, and a-yloxycarbonyl «*ere the aryloxy porbon 
15 contains 6 to 20 carbon atoms; X is halide; R 5 is selected from hydrogen, benzoyl 
and tBOC, and M is a halogenating agent. In one embodiment, each of Ar, and 
Ar 2 is phenyl. Exemplary halogenating agents include, without limitation, .norgamc 
acid halides, for example thionyl chloride, phosphorus trichloride, phosphorus 
tribromide, phosphoryl chloride trifluoromethanesuffonic acid, N-iodosucoinim,de 
and phosphorus pentachloride. In one embodiment of the invention, the 
halogenating agent is S0 2 CI 2 . 



20 



42 



For example, a trans thiophenyl p-lactam can be modified by 
introducing a chloro group at the 3-position as shown in Reaction 10. 

Reaction 10 



£1 



PhSf 



S0 2 C1 2 



/ "\ 



>MP 



PMP 



More specifically, a trans thiophenyl beta lactam is dissolved in an inert solvent, 
e g anhydrous dichloromethane, under an inert atmosphere, e.g., argon gas, and 
cooled to about 0°C. Sulfuryl chloride is added dropwise to the stirred solution at 
ca 0°C and left at this temperature for ca. 2 hrs. The solvent is evaporated and 
the residue dissolved in dichloromethane and washed successively with water, 
10% sodium bicarbonate, saturated brine and dried over anhydrous sod.um 
sulfate After removal of the solvent under reduced pressure the crude sohd » 
purified by realization using mixtures of dichloromethane/hexanes to give the 
chloro group at the 3-position of the trans thiophenyl beta lactam. 

Thus, the present invention provides compounds of the formula 



x 

Ar i s V = 



Ar 2 



R 5 
5 

wherein An and Ar 2 are each aryl groups, where each of An and Ar 2 
are independently optionally substituted with one or more of halogen, hydroxy), 
alkoxy, aryloxy, heteroaryloxy, amino, alkylamino, dialkylamino, mercapto, 
alkylthio, arylthio, heteroarylthio, cyano, carboxyl, alkoxycarbonyl where the alkoxy 
20 portion contains 1 to 15 carbon atoms, and aryloxycarbonyl where the aryloxy 
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portion contains 6 to 20 oarbon atoms; X is halide; and R 5 is selected from 
hydrogen, benzoyl, tBOC, C,C alkyl or ary, where R 5 is optionally substituted w,th 
one or more halogens, hydroxyl, alkoxy, aryloxy. heteroaryloxy, amino, alkylam.no. 
dialkylamino, meroapto, alkylthio, ary«hio. heteroarylthio, cyano, carboxy 
alkoxycarbonyl where the alkoxy portion contains 1 to 15 carbons, aryloxycarbonyl 
where the aryloxy portion contains 6 to 20 oarbon, or heteroarylcarbonyl where the 

heteroaryl portion contains 3 to 15 oarbon atoms. For example, the invent™ 

provides compounds wherein Ar, and Ar, are each phenyl, X is chlonde or 

bromide; and Rs is hydrogen, benzoyl or tBOC. 

in another aspect, the present invention provides a process wherem 

a halide substituent on a beta-lactam ring is replaced with a protected hydroxyl 

group, as illustrated by the following scheme 



Rs-COOH 



M-X 




R 5 



wherein Ar, and Ar 2 are each aryl groups, where each of Ar, and Ar 2 are 
15 independently optionally substituted with one or more of halogen, hydroxyl. alkoxy, 
aryloxy heteroaryloxy, amino, alkylamino, dialkylamino, meroapto, alkylth,o, 
arylthio, heteroarykhio, cyano. carboxy., a.koxycarbonyl where the alkoxy port,on 
contains 1 to 15 carbon atoms, and aryloxycarbonyl where the aryloxy portron 
contains 6 to 20 carbon atoms; M is metal and X is one or more halides attached 
20 to the metal; R 5 is selected from hydrogen, benzoyl and tBOC; and Re rs C-Ce 
alkyl. in one exemplary embodiment of this aspect of the invention, Ar, and Ar 2 
are each phenyl. 
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For instance, the present invention provides that a chloro-substituted 
beta-lactam may be converted into the corresponding beta-lactam where the 
chloride group is replaced with an acetate group. This conversion is illustrated .n 
Reaction 1 1 . 



Reaction 1 1 



PhS^ ? 



SAC ^ 
PhS* 5 



(CH3COO2O 



ZnCl 2 

W 0 



PMP 



More specifically, the chloro-substituted beta-lactam is dissolved in 
an inert solvent, e.g., anhydrous dichloromethane, at room temperature under an 
inert atmosphere, e.g., argon atmosphere. To this stirred solution at room 

10 temperature is added sequentially silica gel, zinc chloride and an alkyl anhydr.de, 
e g acetic anhydride as shown in reaction Xllb. The reaction mixture is left at th.s 
temperature for ca. 16 hrs and then worked up. The silica gel is filtered and the 
filtrate evaporated, dissolved in dichloromethane and worked up as usual for th.s 
type of reaction. The crude residue is purified by column chromatography using 

1 5 mixtures of hexanes/ethyl acetate to afford the pure product. 

Thus, the present invention provides compounds of the formula 



OR 9 



R 5 

wherein An and Ar 2 are each aryl groups, where each of An and Ar 2 are 
independently optionally substituted with one or more of halogen, hydroxy!, alkoxy, 
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aryloxy, heteroaryloxy, amino, alkylamino, dialkylamino, mercapto, alkylthio, 
arylthio, heteroarylthio, cyano, carboxyl, alkoxycarbonyl where the alkoxy portion 
contains 1 to 15 carbon atoms, and aryloxycarbonyl where the aryloxy port.on 
contains 6 to 20 carbon atoms; R 5 is selected from hydrogen, benzoyl and tBOC; 

5 and R 9 is a hydroxy! protecting group. For instance, in one aspect R 9 is selected 
from methoxymethyl, methoxyethyl, 1-ethoxyethyl, benzyloxymethyl, (beta- 
trimethylsilyl-ethoxy)methyl, tetrahydropyranyl, 2,2,2-trichloro-ethoxycarbonyl, 
benzyloxycarbonyl, terf-butoxycarbonyl, 9-fluorenylmethoxycarbonyl, 2,2,2- 
trichloroethoxymethyl, trimethylsilyl, triethylsilyl, tripropylsilyl, dimethylethylsilyl, 

I0 dimethyl(t-butyl)silyl, diethylmethylsilyl, dimethylphenylsilyl, diphenylmethylsilyl, 
acetyl, chloroacetyl, dichloroacetyl, trichloroacetyl and trifluoroacetyl. Alternatively, 
or in addition, in another aspect An and Ar 2 are each phenyl. 

In another aspect of the invention, the protecting group of an N- 
protected beta lactam is replaced with a different protecting group, as shown in 

15 Reaction 12. 



Reaction 12 



QAc Bh . Q Ac 

1. CAN V 



J N 2. PhCOU, /* N 

/> \ DMAP, DCM \ 

pmp or Bz 

More specifically, a paramethoxyphenyl (PMP) group is cleaved by using the 
procedure as in Reaction 7. The product obtained from this cleavage is dissolved 

20 in an inert solvent, e.g., anhydrous dichloromethane, at ca. room temperature 
under argon atmosphere. To this stirred solution is added DMAP and dropwise 
benzoyl chloride, and the reaction is maintained at this temperature for about 1.5 
hrs. The reaction mixture is worked up as usual and purified by column 
chromatography using mixtures of hexanes/ethyl acetate to afford the pure 

25 benzoylated beta lactam 
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In another aspect of the invention, the thiophenyl group of 
thiophenyl-substituted beta lactam is removed using a desulfurization reagent, a 
a hydrogen put in its place. An example is shown in Reaction 13, where 1 
desulfurization reagent is Raney Ni. 



Reaction 13 



PhS^f 



QAc 



Raney Ni/EtOH 



CT PMP 



& PMP 0 



H 



In one specific example, a thiophenyl-substituted beta lactam is 
dissolved in ethanol at room temperature and Raney nickel is added in one portion 
to the stirred solution and the reaction mixture is stirred at this temperature for 
10 about 2 hrs. The reaction mixture is filtered and the filtrate is evaporated. The 
residue is dissolved in an inert solvent such as dichloromethane and worked up as 
usual The crude product is purified by column chromatography using mixtures of 
hexanes/ethy. acetate to afford the pure product. Often, the product will be 
obtained as a mixture of N-protected and N-deprotected beta lactams. 
15 In another aspect of the invention, and as illustrated in Reaction 14, a 

beta lactam with oxygen substitution on the ring nitrogen is converted to the 
corresponding beta-lactam with hydrogen substitution on the ring nitrogen. 



Reaction 14 



Pd (OH) 2 / C 



BOC 



/A 



20 More specifically, a beta lactam with oxygen substitution on the ring 

nitrogen is dissolved in methanol at room temperature and treated with Pd(OH) 2 -C 
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(or any other reducing agent) and the resulting suspension is stirred under 
hydrogen atmosphere for overnight. The reaction mixture is filtered through a pad 
of celite and the volatile component(s) of the filtrate are evaporated. The restdue 
was dissolved in dichloromethane and worked up as usual. The crude product ,s 
purified by column chromatography using mixtures of hexanes/ethyl acetate to 

afford the pure beta lactam. 

In another aspect, the present invention provides a process 
comprising the process disclosed in Reaction 15, wherein a thioaryl group is 
converted to a protected hydroxyl group 



10 



15 



20 




Reaction 15 



CuOAc 



AcQ 



Ar 2 



Rio 

wherein Ar, and Ar 2 are independently selected from alkyl, alkenyl, alkynyl, aryl or 
substituted aryl radical; and R, is hydrogen, C,C 6 alkyl, aryl or substituted aryl 
radical; wherein a substituted aryl radical is substituted with one or more of 
halogen, hydroxyl, alkoxy, aryloxy, heteroaryloxy, amino, alkylamino, dialkylammo, 
mercapto, alkylthio, arylthio, heteroarylthio, cyano, carboxyl, alkoxycarbonyl where 
the alkoxy portion contains 1 to 15 carbons, aryloxycarbonyl where the aryloxy 
portion contains 6 to 20 carbon, or heteroarylca-bonyl where the heteroaryl porfion 

contains 3 to 15 carbon atoms. 

More specifically, a beta lactam with a phenylthio substitution on the 
ring is dissolved in an organic solvent at room temperature and treated with copper 
acetate The reaction mixture is filtered through a pad of celite and the volatile 
component(s) of the filtrate are evaporated. The crude product is purified by 
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column chromatography using mixtures of hexanes/ethyl acetate to afford the pure 
beta lactam. 

In another aspect, the present invention provides a process 
comprising the process disclosed in Reaction 16 wherein a thioaryl group is 
5 converted to a hydroxyl group 



AfiS 



Ar 2 



Reaction 16 



Hg 



HQ, 



Ar 2 



Rio 



Rio 



wherein Hg represents a mercuric reagent, e.g., mercuric oxide or mercuric 
trifluoroacetate, and An and Ar 2 are independently selected from alkyl, alkenyl, 

10 alkynyl, aryl or substituted aryl radical; and R 10 is hydrogen, Ci-C 6 alkyl, aryl or 
substituted aryl radical; wherein a substituted aryl radical is substituted with one or 
more of halogen, hydroxyl, alkoxy, aryloxy, heteroaryloxy, amino, alkylamino, 
dialkylamino, mercapto, alkylthio, arylthio, heteroarylthio, cyano, carboxyl, 
alkoxycarbonyl where the alkoxy portion contains 1 to 15 carbons, aryloxycarbonyl 

1 5 where the aryloxy portion contains 6 to 20 carbon, or heteroarylcarbonyl where the 
heteroaryl portion contains 3 to 15 carbon atoms. Optionaly, the mercuric reagent 
may be combined with eerie ammonium nitrate (CAN). 

6. Conversion of a beta-lactam compound to a 3-phenylisoserine 
compound 

20 In another aspect, the present invention provides a process of 

opening a beta-lactam ring. The process may be illustrated by the following 
scheme 
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Ru vN R 2 9. 



H + 

► 




/y N \ PG-LG 
o' R 3 R 1 

wherein Ri is hydroxyl, protected hydroxyl, thiol, or protected thiol; LG is a leaving 
group; PG is an amino protecting group; R 2 is alkyl, alkenyl, alkynyl, or aryl where 
R 2 is optionally substituted with one or more of halogen, hydroxyl, alkoxy, aryloxy, 
5 heteroaryloxy, amino, alkylamino, dialkylamino, mercapto, alkylthio, arylthio, 
heteroarylthio, cyano, carboxyl, alkoxycarbonyl where the alkoxy portion contains 1 
to 15 carbons, aryloxycarbonyl where the aryloxy portion contains 6 to 20 carbon, 
or heteroarylcarbonyl where the heteroaryl portion contains 3 to 15 carbon atoms; 
R 3 is hydrogen, d-C 6 alkyl or aryl where R 3 is optionally substituted with one or 
10 more halogens, hydroxyl, alkoxy, aryloxy, heteroaryloxy, amino, alkylamino, 
dialkylamino, mercapto, alkylthio, arylthio, heteroarylthio, cyano, carboxyl, 
alkoxycarbonyl where the alkoxy portion contains 1 to 15 carbons, aryloxycarbonyl 
where the aryloxy portion contains 6 to 20 carbon, or heteroarylcarbonyl where the 
heteroaryl portion contains 3 to 15 carbon atoms; and H + is a proton source. 
15 Optionally, the ring-opened product is purified by column chromatography followed 
by recrystallization, where the recystallization is preferably performed with an 
organic solvent. The process may be performed in a mixture of organic solvent 
and aqueous acid. In a preferred embodiment, Ri is thiophenyl, R 2 is phenyl, and 
R 3 is hydrogen. 

20 For example, in one embodiment the present invention provides for 

the conversion of a p-lactam with thiophenyl substitution to the corresponding 
phenylisoserine compound as shown in Reaction 17. 
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Reaction 17 



NHBz 



1. H + 



^ 2 . PhCOCl, Py 




SPh 



More specifically, a (3-lactam is dissolved in a minimum volume of DMSO or 
mixtures of DMSO/DCM and hydrochloric acid is added. The stirred reaction 
5 mixture is heated to about 85°C for ca. 16 hrs. The reaction mixture is cooled to 
room temperature and dried under vacuum to give a powder, which is the salt of 
an intermediate compound of the structure 

NHj 



SPh 



This powder is dissolved in pyridine under an inert atmosphere (e.g., argon) and 
10 benzoyl chloride is added dropwise at room temperature. The reaction mixture is 
stirred at this temperature for about 2 hrs. The reaction mixture is acidified with 
0.1N HCI and the crude product is extracted with dichloromethane. The combined 
organic extracts are dried over anhydrous magnesium sulfate and concentrated in 
vacuo to dryness. The crude product is purified by column chromatography using 
15 hexane/ethyl acetate and dichloromethane/ methanol to afford the pure cis 

phenylisoserine side chain. 

In another aspect of the invention, ring-opening of a (J-lactam 
provides a phenylisoserine compound as illustrated in Reaction 18. 
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Reaction 18 



PhS A 



NHBz 



1. H + 




^ 2. PhCOCl, Py Ph 



More specifically, treatment of a trans (5-lactam with protic acid followed by 
reaction with benzoyl chloride in base (e.g., pyridine) affords a trans 

5 phenylisoserine side chain. 

In another aspect, the present invention provides a process wherein 
a beta-lactam having both thiophenyl and protected hydroxy! substitution is 
converted to a ring-opened form, as illustrated by the following scheme 



° R 6 

AnS^ = ^Ar 2 




R 5 

10 wherein An and Ar 2 are aryl groups independently selected at each occurrence, R 5 
is selected from hydrogen, benzoyl and tBOC, R 6 is a hydroxy protecting group, 
and R 7 is hydrogen or C r C 6 alkyl, where R 7 as CrC 6 alkyl is introduced in an 
optional esterification reaction. H + represents a proton source, e.g., mineral acid 
or organic acid. In one aspect of the invention, An and Ar 2 are each phenyl. 

In a separate aspect, the present invention provides a process of 
opening a beta lactam according to the scheme 



15 



PG-Q. 



Ar 9 Sj 



Ari 



H + 




PG-0 



SAr 2 
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wherein PG is a hydroxyl protecting group; An and Ar 2 are each aryl groups, 
where each of An and Ar 2 are independently optionally substituted with one or 
more of halogen, hydroxyl, alkoxy, aryloxy, heteroaryloxy, amino, alkylamino, 
dialkylamino, mercapto, alkylthio, arylthio, heteroarylthio, cyano, carboxyl, 
alkoxycarbonyl where the alkoxy portion contains 1 to 15 carbon atoms, and 
aryloxycarbonyl where the aryloxy portion contains 6 to 20 carbon atoms; and R, is 
hydrogen, alkyl, or -O-PG wherein PG is a protecting group. 

For example, in one aspect of the invention, a beta-lactam is ring- 
opened to afford the corresponding phenylisoserine compound as shown in 
Reaction 19. 



Reaction 19 



1. CAN 

► Ph^ OH 




m 2. H „ 

N \ PhS OAc 

u PMP 



More specifically, the paramethoxyphenyl (PMP) group of the beta-lactam shown 
in Reaction 19 is cleaved by using the procedure as in Reaction 7. The product 
5 obtained from this cleavage is dissolved in a minimum volume of dichloromethane 
at room temperature and a solution of hydrochloric acid is added. The stirred 
solution is heated to about 60°C for about 3 hrs. The reaction mixture is cooled to 
room temperature and concentrated in vacuo to dryness, giving the acid as a 
powder. 

0 In another aspect, the present invention provides a process whereby 

a beta lactam having oxygen substitution on the ring nitrogen is converted into a 
phenylisoserine compound, as illustrated in Reaction 20. 
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Reaction 20 



10 



ClSiMe 3 



> o— t- 



BOC 




More specifically, a beta lactam having oxygen substitution on the ring nitrogen is 
dissolved in dichloromethane at room temperature under argon atmosphere and 
TMSCI is added. This solution is stirred for about 4 hrs and worked up as usual. 
The combined organic extracts are dried over anhydrous magnesium sulfate and 
concentrated in vacuo to dryness to give a solid product. 

Thus, the present invention generally provides isoserine compound 

of the formula 




Ri 



wherein is hydroxy!, protected hydroxy!, thiol, or protected thiol; PG is an amino 
protecting group; R 2 is alkyl, alkenyl, alkynyl, or aryl where R 2 is optionally 
substituted with one or more of halogen, hydroxyl, alkoxy, aryloxy, heteroaryloxy, 
amino, alkylamino, dialkylamino, mercapto, alkylthio, arylthio, heteroarylthio, 

1 5 cyano, carboxyl, alkoxycarbonyl where the alkoxy portion contains 1 to 1 5 carbons, 
aryloxycarbonyl where the aryloxy portion contains 6 to 20 carbon, or 
heteroarylcarbonyl where the heteroaryl portion contains 3 to 15 carbon atoms; R 3 
is hydrogen, C r C 6 alkyl or aryl where R 3 is optionally substituted with one or more 
halogens, hydroxyl, alkoxy, aryloxy, heteroaryloxy, amino, alkylamino, 

20 dialkylamino, mercapto, alkylthio, arylthio, heteroarylthio, cyano, carboxyl, 
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alkoxycarbonyl where the alkoxy portion contains 1 to 15 carbons, aryloxycarbonyl 
where the aryloxy portion contains 6 to 20 carbon, or heteroarylcarbonyl where the 
heteroaryl portion contains 3 to 15 carbon atoms; and salts and esters thereof. In 
one aspect, the isoserine compound is characterized by having R 1 be hydroxyl or 
protected hydroxyl; R 2 be aryl; and R 3 be hydrogen; including salts and esters 
thereof. In another aspect, the isoserine compound is characterized by hav.ng R 1 
be thiol or protected thiol; R 2 be aryl; R 3 be hydrogen; and includes salts and 
esters thereof. 

In addition, the present invention provides compounds of the formula 



NHR 5 0 




wherein Ar, and Ar 2 are aryl groups independently selected at eaoh occurrence, Re 
is selected from hydrogen, benzoyl and tBOC, Re is a hydroxyl protecting group, 
and R 7 is hydrogen or C,-C 6 alkyl. Optionally, Re is selected from methoxymethyl, 
methoxyethyl, 1-ethoxyethyl, benzyloxymethyf, (beta-trimethylsilyl-ethoxy)methyl, 
tetrahydropyranyl, 2.2,2-triohloro-ethoxycarbonyl, benzyloxyoarbonyl, tort- 
butoxycarbonyl, 9-fluorenylmethoxyoarbonyl, 2,2,2-trichloroethoxymethyl, 
trimethylsilyl, triethylsilyl, tripropylsilyl, dimethylethylsilyl, dimethyl(t-butyl)s,lyl, 
diethylmethylsilyl, dimethylphenylsilyl, diphenylmethylsilyl, acetyl, chloroacetyl, 
dichloroacetyl, trichloroacetyl and trifluoroacetyl. 
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Furthermore, the present invention provides isoserine compounds of 



the formula 



10 




SR 6 



wherein Ar 2 is an aryl group R 5 is selected from hydrogen, benzoyl and tBOC, R 6 is 
a thiol protecting group, and R 7 is H or C,-C alkyl. Optionally, the thiol protecting 
group is triphenylmethyl (trityl, Trt), acetamidomethyl (Acm), benzamidomethyl, 1- 
ethoxyethyl or benzoyl. 

7. Conversion of a 3-phenylisoserine compound to another 3- 
phenylisoserine compound 

In one aspect, the present invention provides a process whereby a 
thioaryl group in a phenylisoserine compound is replaced with a hydroxy! group, as 
shown in the following Reaction 21. 



Reaction 21 




Hg 




15 In Reaction 21 , PG is an amine protecting group, An and Ar 2 are aryl groups, E is 
hydrogen or an organic group, and Hg represents a mercury-containing oxidizing 
agent. Optionally, PG is benzoyl or tBOC, and/or E is hydrogen, and/or An is 
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phenyl, and/or Ar 2 is phenyl. Two exemplary mercuric oxidizing agents are HgO 

and Hg(CF 3 C0 2 ) 2 . 

For example, the present invention provides that a thiophenyl group 

located at the 2-position of a 3-phenylisoserine may be replaced with a hydroxyl 

5 group of the opposite configuration, as shown in Reaction 22. 



NHBz 



O 



Reaction 22 

yHBz 

Hg(CF 3 C0 2 ) 2 f 




More specifically, a trans 2-thiophenyl 3-phenylisoserine compound is dissolved ,n 
an inert solvent, e.g., freshly distilled THF, under an inert atmosphere, e.g., argon 

10 gas and a mercury-containing oxidizing agent, e.g., mercuric oxide (HgO) or 
Hg(CF 3 C0 2 ), as shown in Reaction 22, is added in one portion at room 
temperature and the reaction mixture stirred at this temperature for about 72 hrs. 
The reaction is worked up according to procedures known in the art for reactions 
with mercuric oxidizing agent, and the product is purified by column 

15 chromatography using mixtures of acetone/methanol to afford the pure as 

phenylisoserine side chain. 

In another aspect, the present invention provides a process whereby 
a hydroxyl group in a phenylisoserine compound is converted to a protected 
hydroxyl group, as shown in Reaction 23. 
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Reaction 23 




in Reaction 23, PG, is an amine protecting group, Ar, and Ar 2 are aryl groups, E ,s 
hydrogen or an organic group, PG 2 is a hydroxy! protecting group, and PG r X 

5 represents a reagent that introduces a protecting group onto a hydroxyl group. 
Optionally, PG, is benzoyl or tBOC. and/or E is hydrogen, and/or Ar, is phenyl, 
and/or Ar 2 is phenyl and/or PG 2 is acetyl. An exemplary reagent to add a 
protecting group onto a hydroxyl group is acetyl chloride. Other reagents are well 
known in the art, including those set forth in T. W. Greene and P. G. M. Wuts, 

10 "Protective Groups in Organic Synthesis,- Second Edition, John Wiley and Sons, 

New York, N.Y., 1991, Chapters 2 and 3. 

For example, the present invention provides for the acylation of the 
2-hydroxy group of a 3-phenyl-2-hydroxy isoserine compound, as shown in 
Reaction 24. 



15 Reaction 24 

bJHBz Q 




More specffically, a cis phenylisoserine compound is dissolved in a basic solvent, 
eg pyridine, under an inert atmosphere, e.g., argon gas, at about room 
temperature and acetyl chloride is added dropwise to the stirred solut,on. The 
20 solution is stirred for about 30 minutes and worked up according to methods 
known in the art for acylation reaction. The crude product is purified by column 
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chromatography using mixtures of dichloromethane/methanol to afford the pure 
acetylated cis phenylisoserine side chain acid. 

In another aspect, the present invention provides a process whereby 
a thioaryl group is removed from an arylisoserine compound, as illustrated by the 



5 scheme 




Ar : 




OR 6 



wherein An and Ar 2 are aryl groups independently selected at each occurrence, R 5 
is selected from hydrogen, benzoyl and tBOC, R 6 is d-C 6 alkyl, R 7 is H or C,-C 
alkyl, and E represents a desulfuration reagent. Raney nickel is a suitable 
1 0 desulfurization reagent. In a preferred embodiment, each of An and Ar 2 is phenyl. 
For example, the present invention provides a process whereby a thioaryl group is 
removed from an arylisoserine compound as illustrated by the scheme of Reaction 
25. 



Reaction 25 




In the above scheme, An and Ar 2 are aryl groups, E is hydrogen or an organic 
group, and OPG represents a protected hydroxyl group. Optionally, An is phenyl, 
and/or Ar 2 is phenyl, and/or E is hydrogen and/or PG is acetyl or ethoxyethyl (EE). 
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Thus, the present invention provides compounds of the formula 

NHR 5 O 




OR 7 

5r 6 



wherein Ar 2 is an aryl group R 5 is selected from hydrogen, benzoyl and tBOC, R 6 is 
a hydroxyl protecting group, and R 7 is H or C r C 6 alkyl. Optionally, Re is selected 

5 from methoxymethyl, methoxyethyl, 1-ethoxyethyl, benzyloxymethyl, (beta- 
trimethylsi.yl-ethoxy)methyl, tetrahydropyranyl, 2,2,2-trich.oro-ethoxycarbonyl, 
benzyloxycarbonyl, terf-butoxycarbonyl, 9-fluorenylmethoxycarbonyl, 2,2,2- 
trichloroethoxymethyl, trimethylsilyl, triethylsilyl, tripropylsilyl, dimethylethyls.lyl, 
dimethyl(t-butyl)silyl, diethylmethylsilyl, dimethylphenylsilyl, diphenylmethyls.lyl, 

1 0 acetyl, chloroacetyl, dichloroacetyl, trichloroacetyl and trifluoroacetyl. 

In another aspect, the present invention provides a process whereby 
a protecting group is added to the amino group of an arylisoserine compound, as 
illustrated in the scheme of Reaction 26. 



Reaction 26 



15 




F PG 2 -X 
/ ► 




in Reaction 26, An and Ar 2 are aryl groups, E is hydrogen or an organic group, 
PG1 represents a hydroxyl protecting group and PG2 represents an am.ne 
protecting group. Optionally, An is phenyl, and/or Ar 2 is phenyl, and/or E .s 
hydrogen and/or PG 1 is acetyl. Optionally, when paclitaxel is the target taxane, 
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PG 2 is a benzoyl group. However, when taxotere is the target taxane, then PG 2 is 
atBOCgroup. 

In another aspect of the present invention, a protecting group is 
added to the amine group of a 3-arylisoserine compound, and a thioaryl group • 
removed from the alpha carbon, as illustrated in Reaction 27. where phenyl ,s 
shown as a representative aryl group, acetate is shown as a representee 
hydroxyl protecting group, and benzoyl is shown as a representative amine 
protecting group. 



10 



Reaction 27 



o 



1^ I. RaneyNi/EtOH f J? 

pk" oh ^ phcoa _ py ^ ph /\^ 0H 




PhS OAc 



OAc 



More specifically, a phenylisoserine compound is dissolved in ethanol at room 
temperature and Raney nickel is added in one portion to the stirred solution and 
the reaction mixture is stined at this temperature for 3 hrs. The reaction mixture ,s 
filtered and the filtrate is evaporated. The residue is dissolved in dichloromethane 
15 and worked up as usual. This resulting solid is dissolved in pyridine under argon 
atmosphere and benzoyl chloride added dropwise at room temperature. The 
reaction mixture is stirred at this temperature for about 4 hrs. The reaction m,xture 
is acidified with 0.1N HCI and the crude product is extracted with dichloromethane. 
The combined organic extracts are dried over anhydrous magnesium sulfate and 
20 concentrated in vacuo to dryness. The crude product is purified by column 
chromatography using dichloromethanemtethanol to afford the pure as 2- 
acetylated phenylisoserine side chain. When taxotere is the target taxane, a 
reagent that adds a tBOC group to an amine group may be used in lieu of benzoyl 



chloride. 
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In another aspect of the invention, the protecting group on the 
nitrogen atom of a 3-phenylisoserine compound is replaced with a different 
protecting group as illustrated in Reaction 28. 




Reaction 28 



1. Pd(OH) 2 /C^ 
oh 2. PhCOCt, Py 




OAc 



OAC 



Here a O-t-BOC protected phenylisoserine compound is treated under reducing 
conditions as shown in reaction 28, and then benzoylated using benzoyl chionde ,n 
pyridine according to reaction 27 to give the 2-proteoted phenylisoserine taxol s,de 
chain. 

10 8 Combinations of Reactions 

The various reactions described in this section may be carried out 
sequentially, so long as the product of one reaction may be used as the starting 
material of another reaction. Each of these possible combinations is a separate 
aspect of the present invention. Exemplary reaction sequences are shown ,n 

15 Figures 1-3. 

C. Baccatin III Compounds 

r.y-dinhloroac ^Yl haccatin III 

,n one aspect the present invention provides C7-dichloroacetyl 

baccatin III of the following formula (R 7 = -OCOCHCI 2 ). 
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This compound is a useful intermediate in the production of taxanes. This 
compound may be prepared according to Reaction 29. which is another aspect of 
the present invention. 



Reaction 29 



ocochci 2 



HOW'" 




HOW"" 




In Reaction 29, the base may be an amine base, e.g., 
dimethylaminopyridine (DMAP). The reaction is typically conducted in an inert 
solvent e.g., dichloromethane (DCM). For example, Baccatin III may be drssolved 
10 in anhydrous dichloromethane under an argon atmosphere at room temperature. 
To this solution is added DMAP followed by dichloroacetyl chloride. The mixture • 
left a. room temperature for overnight. The mixture is then quenched with co d 
water and extracted thrice with dichloromethane. The organic layer is washed w,th 
water and than with brine to remove unwanted saKs. The organic layer may then 
,5 be dried and evaporated under vacuum, and the residue recrystallized or column 
chromatographed with dichloromethane/ethyl acetate mixtures to afford 
protected baccatin III. 
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Alternatively, the C7 protected baccatin III or C7 and C10 protected 
haccatin II. can also be prepared from 10 DAB or 9DHB (9-dihydr 0 .13- 
acetylbaccatin III) in a similar manner. 



r.7-triftthvlsilvl baccatin III 
5 in one aspect the present invention provides C7-triethyls,ly. baccatm 

III of the following formula (R 7 = -0-Si(CH 2 CH 3 ) 3 ). 

AcQ. ,9 R7 



HOH 




HO BzO 



This compound is a useful intermediate in (he production of taxanes. This 
compound may be prepared according to Reaction 30, which is another aspect of 
1 0 the present invention . 

Reaction 30 



HOI""" 




HOI' 1 "" 




In Reaction 30, the base may be an amine base, e.g., 
dimethylaminopyhdine (DMAP) or pyridine. The reaction is typically conducted ,n 
1B an inert solvent, e.g., dichioromethane (DCM). For example, Baccatin III may be 
dissolved in anhydrous dichioromethane under an argon atmosphere at room 
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temperate To this solution is added pyridine foliowed by triethylsilyl chlonde. 
The mixture is left at room temperature for overnight. The mixture ,s then 
q uenohed with oold water and extracted thrioe with diohloromethane. The organic 
layer is washed with water and than with brine to remove unwanted salts. The 
5 organic layer may then be dried and evaporated under vacuum, and the res, ue 

.crystallized or column chromatographed with dichloromethane/ethyl acetate 

mixtures to afford C7 protected baccatin III. 

D condensation of the C7 Protected Baccatin III with the Side Chain 

in another aspect, the present invention provides for the coupling of a 
,0 sidechain as described in the previous secfion, which may be e«her a beU lactam 
or a phenylisoserine, with a baccatin-type compound. In general, the baccaun- 
type compound is described by the formula 



HOIH 111 " 




wherein Re and R 7 are selected from hydrogen and hydroxy protecting groups. 

15 The sidechain couples to the baccatin-type compound at the hydroxyl group 
,ooated at C13 of the baccatin-type compound. In various exemplary 
embodiments of the invention: Re is acetyl and R 7 is triethylsiiy (TES); Re is acetyl 
and R 7 is -COCHCfe; Re is diohloroaoetyl and R 7 is triethylsily (TES); or Re is 
dichloroacety, and R 7 is -COCHCI, In a preferred embodiment, the coupling ,s 

20 performed in the presence of a dialkylcarbodiimide, e.g., dicyc,ohexylcarbod„m,de. 
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or trie 4 



In one embodiment, a di-chloroacetyl baccatin III (R 7 = -OCOCHCI 2 ) 
thylsilyl (TES) baccatin III (R 7 = TES) of the following formula (I"): 

AcO. 0 R 7 




HO"»< 13 



6bz (I") 

is reacted with an N-CBz C2'-protected 3-pheny.isoserine side chain of the 
5 following formula (Ha"), or with a B-lactam of the following formula (lib"): 



O 
I 

Ph NH 



Ph 



OH 



\ 




(Ha") 



(Mb") 



to form an 



intermediate of the following formulas (III") or (IV): 

AcQ o R 7 



PIT NH 




10 



HO OBz 



(III") 
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in another embodiment, the intermediate of fomrula (III") or (IV) is 
fcrtner modeled to yield paclHaxel or analog thereof. For example, the R, ^roup 
a, the C7 posiflon and me R group a. fhe CT site may be converted to hydroxyl 
groups to yield paciflaxel. In one embodiment of the invention, these coup . ng 
5 Lions are accompiished under the influence of a dialkylcarbodamKfe, e.g., 

DCC 

in general, reaction of a beta lactam (see, e.g., Reactions 6, 8, 9, 12, 
and 13) or a phenylisoserine side chain (see, e.g., Reactions 10, 1118, 2a 22 
and 24, may be accomplished by reading with a C7 protected baoc^n 
,0 (Schemes I and II below) .o yield an intermediate o, the followng formula (l.la ) 
(lllb") or (IVa") or (IVb"): 




•Ollii'" 




HO BzO 



(Ilia" and lllb") 



wherein R 6 is acetyl, R 7 is a hydroxy protecting group, and R 8 is benzoyl 
(compound Ilia") ort-BOC (compound lllb"); and 




•OHiii" 



15 




(IVa" and IVb") 

wherein R 6 is acetyl, R 7 is a hydroxy protecting group, and Re is benzoyl 
(compound IVa") or t-BOC (compound IVb"). 
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Such reaction between compounds of formulas (I") and those of 
formulas (lla") and (lib") may be accomplished as illustrated in following reaction 
Schemes. 



Scheme 1 




Aca 



DCCJoluene 



R2 R1 




C7 protected baccatin III 



Rj = H or SPh or OH or OAc 

R 2 = H or SPh 

R 7 =* OTES or OCOCHCI 2 



Here, the side chain acid of formula lla" (obtained as described 
previously) is dissolved in anhydrous toluene under argon atmosphere at room 
temperature. To this stirred solution of the side chain acid is added sequentially 
DCC DMAP and the C7 protected baccatin III of formula I". The resulting mixture 
10 is then heated at about 75'C for 16 hrs. It should be noted that any other 
dialkycarbodiimides may be substituted for the dicyclohexylcarbodiimide (DCC). 
with one example being diisopropylcarbodiimide. The solution is then allowed to 
cool to room temperature, and next an equal volume of dichloromethane is added. 
The combined organics are then washed with cold dilute hydrochloric acid solufion, 
15 water, and finally brine. The organic layer is separated, dried, and reduced under 
vacuum The resulting residue is purified by column chromatography us,ng 
mixtures of diohloromethane/ethyl acetate or hexanes/ethyl acetate to afford the 
pure coupled intermediate taxane of formula 111" or IV". 

The process illustrated by Scheme 1 is suited for the preparation of 
20 paclitaxel since the sidechain amino group is protected with a benzoyl group. In 
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another embodiment of the invention (not illustrated) the process of Soheme 1 ,s 
performed with a sideohain having a t-BOC protecting group for the sidechatn 
amino group, where this embodiment is well-suited for the preparation of taxotere. 

Scheme 2 



Horn (13 




In Scheme 2, in preferred embodiments, R 3 is H. SPh, OH, OAc or 
ethoxyethyl, R 4 is H or SPh, and R' is O-TES or OCOCHCI, Here, the beta 
lactam of formula lib" (obtained as described previously) and the C7 protected 
baccafin III is dissolved in anhydrous freshly distilled THF under argon atmospherc 
10 at room temperature. This stirred solution is cooled to 0°C and added to a 
suspension of NaH in THF at 0°C. The solution is warmed slowly to room 
temperature and maintained at this temperature for 3 hrs. The reaction mtxture 
was cooled to 0°C and quenched wrth brine. The reaction mixture was extracted 
with dichloromethane and the combined extracts were washed several times wrth 
15 brine dried over anhydrous sodium sulfate, and concentrated under reduced 
pressure to give the crude product. The crude product was purified by column 
chromatography using mixtures of hexanes/ethyl acetate to afford the pure 
coupled intermediate taxane of formula III" or IV that could be converted to taxol 
or its analogs. Although this reaction is illustrated with sodium hydride, ,n other 
20 aspects of the invention the coupling is performed in the presence of a metal base 
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salts, e.g.. a metal hexamethyldisilazide (e.g.. LiHMDS, NaHMDS, KHMDS), or a 
Lewis acid, e.g., boron trifluoride etherate. 

The process illustrated by Scheme 2 is suited for the preparation of 
paclitaxel since the nitrogen atom of the beta-lactam is protected with a benzoyl 
5 (Bz) group. In another embodiment of the invention (not illustrated) the process of 
Scheme 2 is performed with the nitrogen atom of the beta-lactam being protected 
by a t-BOC protecting group, where this embodiment is well-suited for the 

preparation of taxotere. 

Additional examples of the coupling of a sidechain to a baccat,n-type 

10 compound are shown in the following Schemes 3 and 4. Each of Schemes 3 and 

4 is a separate aspect of the present invention. In these schemes "R" represents 

hydrogen or an organic group, e.g., R may be hydroxyl, protected hydroxyl, thiol 

or protected thiol; alternatively R may be alkyl, alkenyl, alkynyl or aryl, where R 

may be optionally substituted with one or more of halogen, hydroxyl, alkoxy, 

15 aryloxy, heteroaryloxy, amino, alkylamino, dialkylamino, mercapto, alkylthio, 

arylthio, heteroarylthio, cyano, carboxyl, alkoxycarbonyl where the alkoxy portion 

contains 1 to 15 carbons, aryloxycarbonyl where the aryloxy portion contains 6 to 

20 carbon, or heteroarylcarbonyl where the heteroaryl portion contains 3 to 15 

carbon atoms. Preferably, -FT is selected as appropriate for the preparation of 

20 paclitaxel or laxotere. DCC is shown as the coupling reagent in Schemes 3 and A 

for illustrative purpoes, however, other dialkylcarbodiimides may be used n heu of, 

or in combination with, dicyclohexylcaibodiimide (DCC). 
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Scheme 3 




Scheme 4 



i 




NHR 3 

I O 




C7, triethylsilyl baccatin III 



E. Conversion of the compound of formula III or IV to paclitaxel, taxotere, or an 
analog thereof 

5 Following synthesis of compounds of formula 111" or IV", the same 

may then be used as an intermediate for the preparation of paclitaxel, taxotere, or 
analogs thereof. For example, the following Scheme 5 illustrates hydrolysis of the 
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C2'-protected groups and C7-dichloroacetyl or TES to form paclitaxel under mild 
conditions, thus not disturbing the ester linkage and various substituents. 



Scheme 5 




HO OBz 



R 3 = H or SPh or OH or OAc 

R 4 = H or SPh 

R 7 = OTES or OCOCHCl 2 



PfT bJH 



TAXOL 




O 

R 2 Ri 



HO OBz 



R, = H or SPh or OH or OAc 

R 2 = H or SPh 

R 7 = OTES or OCOCHCI 2 



5 

Here, the C2' protected groups and the C7 protected groups can be 
removed to give taxol or its analogs. An analogous process of the present 
invention for the preparation of taxotere is shown in Figures 4 and 5. 
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All of the above U.S. patents, U.S. patent application publications, 
U S patent applications, foreign patents, foreign patent applications and non- 
patent publications referred to in this specification and/or listed in the Applicahon 
Data Sheet, are incorporated herein by reference, in their entirety. 

From the foregoing it will be appreciated that, although specific 
embodiments of the invention have been described herein for purposes of 
illustration, various modifications may be made without deviating from the spmt 
and scope of the invention. Accordingly, the invention is not limited except as by 
the appended claims. 
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